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FOREWORD

The tests described herein were conducted under NASA

Apollo Contract NAS 9-150, during the period from 18 June
1962 to 9 July 1962.

Because of the large volume of data, this report is
presented in two volumes. Volume I contains the tabulated

pressure coefficients and Volume II contains the plotted

pressure distributions.

This report was prepared by D. N. Hunt and R. R. Beeman

of the Wind TunnelProjects Group, Los Angeles Division.

li
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ABSTRACT

This report contains results of pressure tests of the
0.055 scale Apollo model PSTL-1 in the NAA Trisonic Wind

Tunnel (Test TWT 77). Tests were conducted in the Mach

number range .7 to 3.5.

Both steady state and transient pressure data were

recorded. 0nly steady state pressure data are included

herelnp transient pressure data will be presented in a
separate report.

Pressure coefficient data versus full scale station

at various angles of attack are presented in both tabular
and plotted form.

This report presents basic wind tunnel test data only,
in order to make the test results available at the earliest

possible date. Analyses and summary of results will be
reported later under separate cover.

iii
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I • INTRODUCTION

Wind tunnel tests of the .O55 scale Apollo pressure

model PSTL-I were conducted In the Mach number range .7 to

3.5 to investigate dynamic and steady state pressure loads

on the command module, service module, and adapter as
effected by the launch vehicle.

Tests were conducted both with and without the escape

rocket flow separator disc and some tests were made with

the escape tower off. Dynamic data were recorded through

the angle of attack range 0 ° to 6 °, steady state data
were recorded from -4 ° to +15 °.

Only the steady state pressure measurements are

presented in this report. Transient pressure measurements

and analysis will be presented in a separate report.

Pretest information for these tests is presented in

Reference (a).

-I-

SID-62-929



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

II. REMARKS

The model was loamed prior to the test to determine
its deflection under load. This loading demonstrated that

the deflections are small and can be neglected.

During the low Mach number testing there were a few

pressures which went off scale on the data system (in most

cases negatively). These pressures have been marked out
in the tabulated data.

The longitudinal station of the pressure tap on the
nose of the command module appears incorrectly as 371.46

in both tabulated and plotted data. The station of this

tap is the station of the command module nose, 366.38.

At each test condition where transient pressures were

being recorded there were two steady state points taken at

each angle of attack in order to get tunnel conditions at

two points in time. Normally two angles of attack were

tested on each blow. There are, therefore, four data

points per blow, two as one angle and two at a second

angle. In many cases the first of these flour points was
taken at a time when the R2 reference pressure was not yet

stabilized. The result is that on _he first point of a

blow the pressures referenced to R2 may not have reached
a stabilized value. The second point, which was at the

same angle of attack, must be taken as the valid data and

in all cases this is the point presented in the plotted

data. At the second angle of attack on a blow both data

points are valid for all pressures.

The pressures referenced to R2 were as follows:

P71, P72, PY3, P74, P75, P76 on blows 2-i18

PS1, P82, P83, P84, P85, P88, P197 on blows 12-118

P186, P187, P188, P189 on blows 34-118

-2-
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Ill. MODEL DESCRIPTION

A . General

The model consists of a .055 scale replica of the

Saturn C-I booster with the Apollo payload. The finned

aft section of the S-I stage is not simulated. Launch

escape system components are interchangeable and data

were taken with the escape tower off and with two

different escape motor configurations. The model is
sting mounted and has pressure orifices and flush

mounted transducers distributed over the surface of the

commana module, _he service module, the adapter, the

instrument package, the S-IV stage and the S-I stage.

-3-
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III. MODEL DESCRIPTION - continued

B. Instrumentation

There were 89 static pressure taps distributed

over the model as shown on Dwg. No. 7121-OllT1, page 9.

The tap locations are tabulated on pages 5, 6 and 7.

There were 19 Photocon Model 524 transducers and
one Kistler transducer flush mounted on the model at

the locations shown on Dwg. No. 7121-01173, page i0,

and tabulated on page 8. There were two additional
Photocon Model 524 transducers used, one flush mounted
on the tunnel wall and another mounted inside the model

to determine the effect of mechanical vibration on the

transducer output. One Photocon Model 374 microphone

was mounted in a special noise probe ahead of the model
to determine the tunnel noise level.

There were two strain gages on the sting to

measure normal force as a rough indication of model
deflection.

Pressure orifice and transducer locations are

designated longitudinally by model station and radially

by the angle @ between the vertical plane of symmetry

and the plane of symmetry through the orifice, measured

from top of model clockwise looking upstream.

-4-
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lm

III. MODEL DESCRIPTION - continued

B. Instrumentation

Orifice Model Full Scale

Number Station Station

1 20.15 366.38

11 20.82 378.55
13
15
22 21.89 398. O0

23
24
25
31 23.38 425.1o
33

35
41 24.41 443.82
42
43
44
45
48

52 25.25 459.10
53
54
55
61 25.98 472.37
62

63
64

65
71 26.36 479.28

72

73

74
75
76
81 27.50 500. O0
82
83

Transducer

___ Range - psld'

0 °

0 °

90 °
180 °

45 °
90 °

135 =
180 °

0 =

90 °
180 °

0 °

45°
90 °

135 °
180 °

315 °

45 °
90 °

135 °
180 °

0 °

45 °
90 °

135 =
180 °

0°

45°
90°

135 °
180 °

225 =
0 °

45°
90 °

V

-+5

-5-
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III. MODEL DESCRIPTION - continued

B, Instrumentation

Orifice Model Full Scale Transducer

Number Station Station _ Range - psid

84 27.5o
85
88

197 28.40
91 31.46

92
93
94
95
97

99
10l 41.62

i o2

lO3
104

105
iii 42.62

ll2

113
ll4

ll5
122 43.63

123
124

125

132 44.62

133

134

135

141 45.62
142

143
144

145

500. O0 135 °
180 °

280 °

516.37 270 °

572. oo 0 °

45 °
90 °

135 °
180 °

270 °

290 °

756.73 0 °

45 °
90 °

135 °
180 °

774.92 0 °

45 °
90 °

135 °
180 °

793.10 45 °

90 °

135 °
180 °

811.28 45 °

90 °

135 °
180 °

829.46 0°

45 °
90°

135 °
180 °

-+5

V

+15

-6-
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III. MODEL DESCRIPTION - continued

I

B. Instrumentation

Orifice Model Full Scale Transducer

Number Station Station _ Range- psid

201 46.62

211 47.62

151 51.16

152

153

154

155
162 52.957

163
164

165

171 65.32

172

173

174

175
186 72.821

187
188
189

847.64 0 °
865.83 0 °

930.19 0 °
45°
90 °

135 °
180 °

962.86 45 °
90 °

135 °
180 °

1187.65 0 °

45°
90 °

135 °
180 °

1323.83 22½°
67½ °

112½ °

157½ °

-+15

-7-

SID-62-929



NORTH AMERICAN AVIATION, INC. _-_._PACEand INFORMATION SYSTEMS DIVISION

III. MODEL DESCRIPTION - continued

B. Instrumentation

Flush Mounted Transducer Locations

Full

System Model Scale

Number Station Station

i 22.00 400.00 0 °

2 25.30 460.00 0 °
3 26.84 488.00 0 °
4 28.16 512.00 0 °
5 29.48 536.00 0 °
6 30.80 560.00 0 °

7 32.12 584.00 0 °
8 33.44 608.00 0 °
9 26.84 488.00 180 °

10 28.16 512.00 180°
ii 29.48 536.00 270 °

12 52.957 962.85 0°
_O

13 72.121 1311.29 22_

14 61. 999 1127.25 0 °

15 67.647 1229.94 0 °

16 69.765 1268.45 0 °

17 69.765 1268.45 180 °

18 59.175 i075.91 22_ °

19 67. 647 1229.94 22_ °

20 Noise probe

21 67. 647 1229.94 180 °

22

23

Vibration effect

only - not

exposed to pres-
sure

Flush mounted on
tunnel wall at Tunnel

Station 3524.5 _51 inches
above the floor )

Transducer

Photocon 524, ±15 psig

Photocon

Kistler

Photocon

Ranges Used

182db. at M < 1.5374 192db at M _ 1.5

524 ±15 psig

SID-62-929
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III. MODEL DESCRIPTION - continued

C. Model Nomenclature and Full Scale Dimensions

Model Nomenclature Table

Symbol Descrlptlon Part Number

E35 Escape Motor, without 7121-01173

Flow Separator Disc -17,-18,-19

E40 Escape Motor, with

Flow Separator Disc

Dia. Disc/Dia. Motor
=2.5

T16 Tower Structure 7121-01173
-16

C2 Command Module 7121-01173

-15

s3 Service Module

(including Adapter)

7121-01173

-5

K Clamp Fairing 7i21-01173
-28

I Instrumentation Unit 7].21-01173

B Booster

(including a portion

of the S-I stage,

S-IV stage, retro-

rocket falrlngs,

ullage rockets,

cameras, retro-

rockets, and ullage

cooling ducts).

7121-01173

-2,-4,-12,-13

-21,-29,-22,-23

-24,-25,-27

Sketch

Page i0, 15

Page 15

Page I0, 15

Page i0, 15

Page i0, 15

Page I0, 15

Page 15

Page i0, 15

-ll-
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III. MODEL DESCRIPTION - continued

C. Model Nomenclature and Full Scale Dimensions

Model Factor 0.055

Escape Motor, E35 (Dwg. No. 7121_01173)

Total length, in.

Diameter of escape rocket, in.

Diameter of escape rocket base, in.

Skirt flare angle, deg.

Nose radius, in.

Nose included angle, deg.

Diameter of ring fw'd of flared skirt, in.

Escape Motor_ E40 (Dwg. No. 7121-01173)

Total length, in.

Diameter of escape rocket, in.

Diameter of escape rocket base, in.

Skirt flare angle, deg.
Nose radius, in.

Nose included angle deg.
Diameter of disc attached Just ahead

of skirt, in.

Thickness of disc, in.

Tower St_cture I T16 (Dwg. No. 7121-01173)

Total length, in.

Number of longitudinal members

Diameter of longitudinal member, in.
Diameter of cross braces, in.

Distance between attach points at

command module, in. side view

plan view

Distance between attach points at

rocket base, in.

Command Module a C2 (Dwg. No. 7!21-01173)

Maximum diameter, in.
Corner radius, in.

Afterbody semi-angle, deg.
Afterbody vertex radius, in.

Radius of spherical blunt end, in.

257.28
26.0

54.6

36°55 '
2.0

257.28
26.0

54.6

36°55 ,
2.0

30 °

65.0

2.27

i14.62

4
3.5

2.5

36.06

154.0

7.7
33.0 °

9.15
184.8

-12 -
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J
III. MODEL DESCRIPTION l continued

C. Model Nomenclature and Full Scale Dimensions

Service Module_ S3 (Dwg. No. 7121-01173)

(Includlng adapter)

Length, in. (measured from tan. pt.
of module)

Diameter, in.

Adapter length, in.

Clamp Fairing, K (Dwg. No. 7121-01173)

Length of aft fairing on service module,in. 30.0

Height above service module, in.
Width at base, in.

Width at top, in.

Instrumentation Unit, I (Dwg. No. 7121-01173)

Length, in.
Diame ter, in.

Booster, B (Dwg. No. 7121-01173)

(Including S-IV Stage and S-I Stage
to station 205b.27)

246.327

154.0

92.0

8.0

18..0
16.589

S-IV Booster Stage

The S-IV stage is simulated by a 154 in. diameter

cylinder at station 784.0 which increases to a
220 in. diameter cylinder at station 939.2 and

extends to station 1281.0.

Ullage Ducts

Three ullage ducts are located between station

1087.91 and station 1281.0 at meridian angles

= 51.5", 141.5" and 308.5".

Ullage Rockets

Four ullage rockets are located nominally at station

1087.91 at meridian angles _ = 0", 90", 180 e and

270". The rockets are axially aligned out 37.0".

-13-
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III. MODEL DESCRIPTION - continued

S-IV Retro-Rocket

One retro-rocket is simulated at station 784.0

at meridian angle _ = 0".

S-I Booster Stage

The Saturn booster stage is simulated by a 256.73

in. diameter cylinder with eight engine bulges

symmetrically located about the periphery of the

cylinder. The Saturn stage terminates at Full
Scale Station 2056.27.

S-I Retro Rockets

Four located nominally.at station 1281.0 at
meridian angles _ = _5 , 135 @, 225 @ and 315".

The nozzle is aligned at 12 @. The rocket chamber

is cylindrical.

Came ra s

Eight cylindrical cameras nominally looking forward
from station 1281.0.

I-Beam Webs

Eight simulated on the model with rectangular

blocks, located _5" apart at station 1281.0.

-14-
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IV. TEST FROCEDURE

A* Test Nomenclature

Cp = Pressure coefficient = Zk p = Fx - Po
Q

Px = Local orifice pressure, PSF

Po = Free stream static pressure, PSF

Q = Free stream dynamic pressure = 1/2p V 2, PSF

V = Free stream velocity, feet per sec.

p = Free stream density, slugs per ft3

Ho = Free stream total pressure, PSF

M = Mach number

TTO = Free stream total temperature, @R

RN = Reynolds number per ft. x l0 -6

C_ = Model angle of attack

= Angular coordinate of any pressure orifice, the
angle between the vertical plane of symmetry and

the plane of symmetry through the orifice,
measured from top of model clockwise looking

upstream, degrees

-16-
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IV. TEST PROCEDURE - continued

B. Model Installation

The model was sting mounted as shown on the

followinz page. For subsonic and transonic testing
(M _ 1.2_ the model was positioned with the center of

rotation at tunnel station 3735. For supersonic test-

in S the model center of rotation was at tunnel station
35_2.

-17-
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IV. TEST PROCEDURE - continued

C. Instrumentation

Allsteady state pressures were measured using
Statham differential pressure transducers of ranges

indicated on page 5. The ±15 psid transducers were

referenced to atmospheric pressure, the ±5 psid

transducers were referenced to pressure tanks having
variable pressure. Transducer outputs were digitized

and recorded on magnetic tape. The data was reduced

on the ALWAC IIIE computer and printed out in final
form "on-line".

Transient pressure data were measured using

Photocon pressure measuring systems. The outputs of
the model mounted Photocon transducers were recorded

on magnetic tape as follows (for transducer locations
see page 8).

Systems i through 13 were recorded on an Ampex

FR 600. This Is an advanced FM recorder with frequency

response from 0 to 25 KC. Systems 14 through 19 were

recorded on an Ampex FR lO0, each system being simul-

taneously recorded on two channels, one FM channel in

the frequency range 0 to 2.5 KC and one Direct channel

in the frequency range lO0 cps to 25 KC. System 21 was

recorded on one Direct channel of the FR lO0. Systems

22 and 23 were recorded on a portable Ampex recorder

(about 20 cps to 20 KC). System 20 replaced system 1

on the Ampex FR 600 recorder during the runs made to
determine tunnel noise level.

-19-
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D,

IV. TEST PROCEDURE

Data Reduction

i) Conversion of pressures to coefficient form

Cp = Px - Po

Q

Cp = Local pressure coefficient

Px = Local pressure, PSF

Po = Free stream static pressure, PSF

Q = Free stream dynamic pressure, PSF

Tunnel conditions

At N! 1.2: Mach number was computed from

measured values of Ho and Po

At M_ 1.2: Po was computed from measured

value of Ho and calibrated Mach

number

Transient Pressures

Data reduction methods and results of

transient pressure data will be covered in a

separate report.

where

2)

3)

-20-
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A. Run Index
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NORTH AMERICAN AVIATION, INC. SPACE end INFORMATION SYSTEMS DIVISION

B. DATA FORMAT

The following explanations and definitions apply to the
headings in the tabulated data.

DEC This abbreviation for decimal appears in the
data followed by a row of numbers. Each of these

numbers locates the decimal place in the column

of data below it, the number being equal to the

number of digits which appear to the right of
the decimal place. The absence of a number in
the DEC row in the case of HO and BN indicates

that these are whole numbers.

TIME Time in seconds at which the data point was taken.
The opening of the tunnel valve is time zero.

ALPH Angle of attack in degrees. On the pages of data

giving pressure coefficients the angle of attack

appears with no indication of decimal point

locatiom. In all cases the angle of attack is

given to two decimal places (i.e. ALPHA-405 is
an angle of attack of -_.05 °).

BN Block number used for locating a particular data

point on the magnetic tape.

HO Free stream total pressure, PSF.

PO Free stream static pressure, PSF.

M Mach number

Q Free stream dynamic pressure, PSF.

TT0

RN

Free stream total temperature, °R.

Reynolds number per foot x l0 -6.

V Free stream velocity, feet per second.

STA Full scale longitudinal station, in inches, at

which a given pressure orifice is located. The

station of the tap on the nose of the command

module is incorrectly tabulated and plotted as

371.46. The actual station location of this tap
is 366.38.

A-3
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NORTH AMERICAN AVIATION, INC, SPACE and INFORMATION SYSTEMS DIVISION

f

B. DATA FORMAT - con't.

PHI Angular coordinate in degrees of a given pressure

orifice, _ = angle between vertical plane of

symmetry and plane of symmetry through the orifice,
measured from the top of the model clockwise

looking upstream.

See page A-6 for a sample of the tabulated
data format.
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